Introduction: Therapy related second malignancy of the hematological system is small but real risk after adjuvant chemotherapy for breast cancer. It includes acute myeloid leukemia (AML) and myelodysplastic syndrome (MDS); however T-cell prolymphocytic leukemia (T-PLL) has not been described earlier in relation to breast cancer and its therapy. T-PLL is a rare chronic T-cell lymphoproliferative disease with a mature post-thymic T-cell immunophenotype and aggressive clinical course.
Introduction
Therapy related second malignancy of the hematological system is small but real risk after adjuvant chemotherapy for breast cancer. It includes acute myeloid leukemia (AML) and myelodysplastic syndrome (MDS); however Tcell prolymphocytic leukemia (T-PLL) has not been described earlier in relation to breast cancer and its therapy. T-PLL is a rare chronic T-cell lymphoproliferative disease with a mature post-thymic T-cell immunophenotype and aggressive clinical course.
Case Presentation
A-45-year old Indian female of Nordic origin presented 5 years back with a lump in the right breast and the axilla. She was detected to have carcinoma of the right breast with clinical stage as T2N1. Investigations ruled out any metastatic site and she underwent modified radical mastectomy. The tumor measured 2.1 cm with 1 out of 25 lymph nodes positive for tumor deposits. Histophotomicrograph of the excised breast lesion showed a duct carcinoma, not otherwise specified. (Figure. 1C ).
Immunohistochemistry showed positivity for estrogen receptor(ER) and progesterone receptor (PR). She received 6 cycles of chemotherapy with cyclophosphamide (500 mg/m2), epirubicin (50 mg/m2), and 5-fluorouracil (500 mg/m2) on day1 and day15 every 4 weeks. This was followed by tamoxifen 20 mg per day for five years. She was doing well on follow up until the completion of fifth year of her disease, when she presented with complaints of mild fever, weakness and swelling in the neck and elbow. Examination revealed bilateral cervical, epitrochlear, inguinal and right axillary lymph node enlargement along with hepatomegaly. Hemogram showed mild anemia, normal platelet count and a leukocyte count of 1.2 × 10 11 /L. Lactate dehydrogenase level was elevated (746 IU/L). Peripheral blood examination revealed medium sized lymphoid cells (Figure 2 ), constituting almost 75% of total nucleated cell population, suggestive of a chronic lymphoproliferative disorder. ). This confirmed a metastatic carcinoma consistent with a breast primary. She was started on chemotherapy for T-PLL with fludarabine and cyclophosphamide along with hormonal therapy with aromatase inhibitor (letrozole 2.5 mg per day) for metastatic carcinoma of the breast. Unfortunately, both her malignancies progressed after an initial stable disease of two months.
Discussion
Leukemia is not an important factor in the natural history of breast cancer, though its association with breast cancer therapy has frequently been reported. There are reports of therapy related hematological malignancies in breast cancer dated as early as 1980's describing the incidence as 1.68 ± .33% at 10 years with chemotherapy vis a vis 0.06% to 0.27% with surgery alone [1] . In 1992, a large case-control study of 82,700 women with breast cancer demonstrated a relative risk of developing AML as 2.4 for radiotherapy, 10 for therapy with alkylating agents and 17.4 when the two were used in combination [2] The chemotherapy regimens employed during these studies used mainly melphalan as alkylating agent and that for long durations (12 to 24 months) [1, 2] . Though over the last decade anthracyclines along with safer alkylating agents have formed the main core of the breast cancer therapy; the modern chemotherapy is not entirely safe. The more recent reports in the background of anthracycline and alkylator based chemotherapy have described the risk as, 0.5% estimated leukemia rate at 10 years with relative higher risk for more intense regimens (RR, 6.16; P < 0.0001) [3, 4] . Studies have also remarked on a dose risk relation in respect to exposure to anthracycline as well as alkylators; the risk increasing with increasing cumulative doses [5] .
Interestingly, the reports on second hematological malignancies after treatment for breast cancer mostly describe myeloid malignancies/MDS in contrast to lymphoid malignancies [1, 5, 6] . While therapy related lymphoid malignancies are relatively rare, T-PLL has never been listed as a possible therapy related second malignancy after treatment for breast cancer. This may have several attributes such as more pronounced impact of cytotoxic therapy in respect to telomere length dynamics and its accelerated shortening observed in myeloid lineage as opposed to lymphoid lineage before the development of MDS/AML after hematopoietic stem cell transplant [7] . However, the risk of therapy related lymphoid malignancies is not deniable. T-PLL is a disease of the elderly with median age 65-70 years and our patient was much younger to be at a natural risk for this disease [8] . Absence of family history of breast cancer and other malignancies, undermined the possibility of a common genetic abnormality or pathway for such an occurrence [9] . Also the disease appeared at 5 years after the completion of therapy which is the median latency time described for therapy related second malignancies of the hematopoietic system [1, 3] . She also seemed to be at a relatively higher risk, being exposed to higher cumulative doses of anthracycline (600 mg/m2 of epirubicin) and alkylating agent (6 gm/m2 of cyclophosphamide) [5] . Our patient was discovered to have disease recurrence simultaneously with the detection of leukemia. Similar situation has also been reported by Fisher et al wherein 2 of 34 patients with therapy related hematological malignancy had simultaneously developed disease recurrence and myeloproliferative disorder [1] . This however, largely seems to be just a coincidence than otherwise.
T-cell PLL is an aggressive leukemia with median survival of 7-8 months [8, 10] . Nucleoside analogues have been used with overall and complete response rates of 50% and 10% respectively [11] . Alemtuzumab which is a humanized IgG1 antibody that targets CD52, expressed at high density on the malignant T-cells, has been shown to be particularly effective with overall and complete response rates of 76% and 60% respectively [10] . However, responses are transient and further disease progression inevitable and the only possibility of cure lies in an allogeneic stem cell transplant [8] . Our patient was initially asymptomatic from the recurrence of her primary disease and was hence, prescribed hormonal therapy (letrozole) alone for breast carcinoma, along with fludarabine based chemotherapy for T-PLL. However, she progressed early in regard to both her malignancies, and this posed a major therapeutic challenge.
Conclusion
Our case describes the potential of breast cancer chemotherapy to cause grave second hematological malignancies of the T-cell lymphoid lineage, not described earlier; and underscores the therapeutic dilemma posed by the co-existence of two aggressive malignancies. While breast cancer chemotherapy improves survival, events like this, reminds us of the importance to identify those who are at low-risk and in whom breast cancer chemotherapy can safely be avoided. 
Consent
Written informed consent was obtained from the patient for publication of this case report and accompanying images. A copy of the written consent is available for review by the Editor-in-Chief of this journal. A B
